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ICLS VEHICLE PDR PURPOSE

REVIEW ICLS PROGRAM

OVERALL VEHICLE DESIGN

TEST OBJECTIVES

DEGREE OF FPS/ICLS SIMULATION
PLANNED INSTRUMENTATION
PORTIONS OF THE TEST PLAN
FACILITY CAPABILITIES
SCHEDULES/MAJOR HARDWARE FLOW
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1-6
COMPRESSOR
TEST

COMBUSTOR
RIG
TEST

Y

HP AIR
TURBINE
TEST

|

E3Q7

Y

FPS
UPDATE

ICLS
DESIGN_AND DEVELOPHMENT
SUBSTANTIATICN PLAN
FAN RIG
TEST
Pmom T
1-10 : 1-10 _
COMPRESSOR [N~~~ ————— |1'1“ COMPRESSOR 1}
TEST “ TEST i
—_—— e — L
ENGINE CORE
COMBUSTOR =] ENGINE
TEST TEST
ENGINE
HARDWARE DIGITAL
CONTROL
SYS, TEST
MIXER ENGINE
DEVELOP +»—{ HARDWARE
TEST
- LP AIR  ENGINE
TURBINE ™ HARDWARE
TEST

ICLS
TEST
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H1GH_PRESSURE COMPRESSOR

1-10 #2

Y

TEST

| ARFOIL |
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{7-10:%
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DE T_PLAN/HARDWARE FLOW
1-6
TEST
[}
. SELECT
! | cowe.
PTA ~
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: DESIGN | TEST i
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AERO/MECH
AIRFOIL
DESIGN

AIR TURBINE TEST

PERFORMANCE SUB-
STANTIAT ION

TESTING

» STG 1 NOZZLE
» 2 STG chw_zﬁ
_ 5 mqm TURBIN

1 ST6 TURBI zm
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REQUIRED

| 2
2

1

DESIGN

'HARDWARE
FABRICATION

{3 SETS AIRFOILS
{2 SETS OTHER
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N
N
ICLS [\
TEST \

TEST
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MIXER DEVELOPMENT/HARDWARE FLOW i

PHASE I PHASE 11 PHASE 111 _
|
EVALUAT ION FVAL LATION
(3)
MODEL PARAMETRIC MIXER MIXER (5)
MIXER | EVALUATION DEVELOP- VERIFICATION _ﬁ
DESIGN TEST (1) MENT TESTING (4)
TEST (3) _ﬁ
¥
}
] '
_ | pma L _ptA 1
” AERO DES. AERO DES. -

_ /77777 _ﬁ

' | ENGINE ENGINE ENGINE ICLS _Wu o

. MIXER MIXER H/W FAB TEST v ‘n
AERO > MECH, - > " E
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NEW H/W
» BLADES
» VANES
» ROTOR

FROM 1-10
COMP. RIG
« FWD CASE

» ACT.RINGS
« LEVER ARMS

FAN \\

ROTOR

COMPRESSOR

NEW HARDWARE
COMBUSTOR

L3 3K B B BN I
=]
m
2
=]
g

« NACELL
* MORERbES

FAN
RIG
TEST

1/2 SET SPARE

V/M FAN
BLADES
REWORK AS
REQUIRED |
ICLS
TEST
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E> ICLS PERFORMANCE TEST OBJECTIVES

EVALUATION OF COMPONENT AND OVERALL ENGINE SYSTEM PERFORMANCE

THERMAL AND ROTATIONAL SPEED OVERSHOOT EVALUATION

EVALUATE ACC PERFORMANCE EFFECTS

VERIFY CONTROL SYSTEM POWER MANAGEMENT AND ENGINE MODEL FEATURES

EVALUATE FAN OFF-DESIGN PERFORMANCE (TWO NOZZLE AREAS)

VERIFY PERFORMANCE PROJECTIONS - MAX TO MIN INSTRUMENTATION

EVALUATE FULL SCALE MIXER PERFORMANCE (TRAVERSE RAKE)

CORRELATE DATA WITH CORE AND COMPONENT TESTS FOR CRUISE PERFORMANCE
PROJECTIONS
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ICLS COMPONENT PERFORMANCE FORECAST

COMPONENT PERFORMANCE - MAX., CRUISE

/\ FROM FPS

FAN BYPASS

FAN HUB

COMPRESSOR

HP TURBINE

LP TURBINE

COOLING PARASITICS

MIXER EFFECTIVENESS

-0, £ PT,

IO. N T._..-

-1,0 PT.

-0, 5 PT.

-0, 6 PT,

+1.0 7
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INSTRUMENTATION MAX AND MIN PERFORMANCE LOSS CONFIGURATIONS EOR ICLS PERFORMANCE TEST ﬁ
X MIN |

® BELLMOUTH INLET (FLOW MEASUREMENT) X X |
® INLET PT/PS RAKES X |
® BOOSTER ROTOR DISCHARGE RAKES - VANE AND BYPASS X |
® COMPRESSOR INLET PT/TT RAKES X X |
® FAN EXIT ARC/RADIAL RAKES X }
® COMPRESSOR EXIT RAKE . X X i
® HP TURBINE EXIT RAKE X X 1
® LP TURBINE EXIT RAKE X X )
® NOZZLE EXIT TRAVERSE RAKE _
® MECHANICAL INTEGRITY INSTRUMENTATION X X F
]
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FPS AND ICLS COMPONENT PERFORMANCE COMPARISON

PARAMETER

ADIABATIC EFFICIENCIES

FAN BYPASS
FAN HUB

COMPRESSOR
COMBUSTOR
HP TURBINE
LP TURBINE

COOLING AND PARASITIC FLOWS

35,000 FEET/0.8 MACH/STD DAY

COMPRESSOR DiSCHARGE

MIXING EFFECTIVENESS

*NO INSTRUMENTATION LOSSES

E82L

FPS

. 888
892
861
.995
924
917

—
i

6.88

.75

*ICLS FORECAST

/.88

.70

*ICLS

TEST VEHICLE

884
. 885

849

995
919

910

/.88

/0
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FPS AND ICLS TAKEOFF CYCLE COMPARISON

PARAMETER

UNINSTALLED PERFORMANCE

NET THRUST - LB

SFC

BYPASS RATIO

CYCLE PRESSURE RATIO

FAN

CORRECTED FLOW - LB/SEC
BYPASS PRESSURE RATIO
HUB PRESSURE RATIO

COMPRESSOR

CORRECTED FLOW - LB/SEC
CORRECTED SPEED - %
PRESSURE RATIO

DISCHARGE TEMPERATURE - OF

HP TURBINE

FLOW FUNCTION - ¥ m T

ROTOR INLET TEMPERATURE - °F
LP TURBINE

FLOW FUNCTION - ¥ - T

NOZZLE INLET PRESSURE - PSIA
NOZZLE INLET TEMPERATURE - OF

*NO INSTRUMENTATION LOSSES

SEA LEVEL STATIC STD +279F

FPS

1274
1.50
1.51

(108.8]

97.7
20.0
1074

17.6

[2a52]

81.0(BASE)
83.0

e

* ICLS FORECAST

97.8
20,1
1087

17.6

_ NwHH_

83.1(+2.6%)
82.2

[Ee0e]

*TCLS TEST VEHICLE

36,500
[311]

7.21

30.0

1269
1.50
1.51

110.4
98.0
20,3
1092

17.6

84,3(+4%)
81.3

=7

b

———=
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ES28

THRUST - LB

38000

37000

36000

35000

34000

)]

L

ICLS TEST VEHICLE OPERATING LIMITS

SEA LEVEL STATIC

MAX INSTRUMENTATION

- REDUCED

REDUCED <
7 INSTRUMENTATION

ENGINE QUALITY

THRUST RATING CORE SPEED LINMIT

60 70 g0 90 160 110

AMBIENT TEMPERATURE - OF

- N [
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UNINSTALLED SFC - LB/HR/LB

ICLS SFC VS, THRUST PREDICTION

SEA LEVEL STATIC/STD + 270F

ZERO BLEED & POWER

%\ SFC
and +m- m
2 | ICLS TEST
., ] VEHICLE
INSTRUMENTAT ION & 3.3
FPS
] WD -
% - FORECAST ICLS +2.9%
.28 |
TAKEOFF
.Nm ¥ 1 L 4 )
0 10000 20000 30000 10000

UNINSTALLED THRUST - LB

. ; P
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EE32

E3 1CLS ASSEMBLY

MAIN ENGINE ASSEMBLY AREA

(BuiLping 500)

ROTOR BUILDUP AND BALANCE AREA
PLATE LAYOUT AND INSPECTION AREA
GEAR AND BEARING ASSEMBLY AREA
DEVELOPMENT MACHINE SHOP

WASH AND ZYGLO AREA

FLOW LABS

MAIN ENGINE BUILDUP

e e i

- —

A

A

=
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E834

E3 1CLS SUBASSEMBLIES

LP SYSTEM/MAIN ENGINE

FAN ROTOR

FAN FRAME

LP TURBINE ROTOR

LPT STATOR CASE

TURBINE FRAME

LPT PACKAGE

BEARINGS

ACCESSORY AND INLET GEARBOX

— —
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E3 1CLS ENGINE INSTRUMENTATION

W il B med e s
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E838

@® Static pressures
® Dynamic pressures
A Skin temperatures

2 Dynamic strains

VANE MOUNTED Pt/Tt SENSORS . ROTOR BLADE STRAIN GAGES
WALL STATIC PRESSURES . STATOR STRAIN GAGES
COMPRESSOR INLET RAKES . ROTOR DISKS SKIN THERMOCOUPLES

BOOSTER BYPASS RAKE
OVER FAN BLADE KULITES

_ 7 _ _ _

S

_ — _—

: S e L
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E340

® & & o

DYNAMIC PRESSURE PROBES
AIR AND SKIN THERMOCOUPLES
WALL STATIC PRESSURES

COMPRESSOR DISCHARGE RAKES (PT/TT)

D> P e

STATIC PRESSURES
SKIN TEMPERATURES
AIR TEMPERATURES
DYNAMIC PRESSURES

o G ="=]

R R
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E8L2

oA

E3 INSTRUMENT

®
A ..rn.m;ﬁ "
Q0 1| "
\\ ny
4 -
\ | 2]
/ JLA
e =L
A
5 3

HPT TOTAL TEMPERATURE DISCHARGE RAKES
HPT TOTAL PRESSURE DISCHARGE RAKES
SKIN THERMOCOUPLES

AIR THERMOCOUPLES

STATIC PRESSURES
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e A

® STATIC PRESSURES

A SKIN TEMPERATURE
A AIR TEMPERATURES
-\ DYNAMIC STRAINS
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SAFETY INSTRUMENTATION

UNDERCOWL (FIRE DETECTION) THERMOCOUPLES

SUMP PRESSURES AND TEMPERATURES

BEARING THERMOCOUPLES

ACCELEROMETERS ON BEARING SUPPORTS AND FRAMES
PARASITIC PRESSURES, TEMPERATURES AND FLOWS
CONTROL PARAMETERS

FUEL FLOWS

LP AND HP ROTOR SPEEDS

THRUST

[

i

|
J
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CONTROL HARNESSES

ENGINE CONTROL MODULE

SPECIAL SIGNAL CONDITIONING
THROTTLE ADAPTER

SPECIAL ENGINE CONTROL CABLES
INSTRUMENTATION CABLE SET
BLEED VALVE CONTROL

[t |



JAA 8C e
ZH 00t “AOTT
ZH 09 “AQOTT e
Aot e

LN INERE

SAITAY3S ONIYITS

~ YIY ONIT00D dOHS

W3LSAS ONILV3H H;mzum:m<mz NOISSIWS
TIYMOIVH AYIATTIA WILSAS 1304

PYMTIYH LHYLS dIV




li

M
i

|




E850

TEST SITE DESCRIPTION
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SERVICES

FILTERED WATER
SHOP AIR - 90 PSIG __

DATA ACQUISITION | “H

TAPE RECORDERS ,ﬁ
LIGHT BEAM OSCILLOGRAPH

STRIP CHART RECORDERS : é
X-Y PLOTTERS i

STEADY STATE DATA ACQUISITION ,
EXHAUST GAS MEASUREMENTS ,a
TRANSIENT DATA ACQUISITION

]
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PARAMETERS DISPLAYED IN DIGITAL AND/OR GRAPHIC FORM
CRT DISPLAY
PROGRAMMABLE CAUTION AND ALERT LIMITS

MINI COMPUTERS FOR DISPLAYING CORRECTED OR CALCULATED
DATA

REAL TIME DATA DISPLAY
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Stairs and Grating

Catwalk, Instrumentation & Slave
Services Enclosure

e ————

T

ES56

E> ICLS ENGINE PRELIMINARY INSTALLATION
SITE IVD - PEEBLES TEST OPERATION

Engine Mount Structure

Inlet Support Structure
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CONFIG,

NLET

BELLMOUTH

AERO/ACOUSTIC

ACOUSTIC NOZZLE

TREATMENT _AREA

HARDWALL STANDARD
omﬂz

STANDARD

BULK ABSORBER

{

INSTRUMENTATION

>mxo~ PERF.

MIXER PERE
MIN. - AERO PERE
AERO PERF
ACOUSTIC

¢

EMISSIONS
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INSTALLATION

MOUNT ENGINE IN TEST STAND
CONNECT INSTRUMENTATION
CONNECT SERVICE LINES
INSTALL NACELLE AND INLET

PRE-TEST ENGINEERING REVIEW

—
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AERO PERFORMANCE TEST OBJECTIVES

ACRO MECHANICAL STABILITY
AERO/THERMODYNAMIC MATCHING

STEADY STATE DATA ACQUISITION
CLEARANCE CONTROL EVALUATION

SUMP AND ACCESSORY EVALUATION
EXPLORE OPERATING LINES (TW0)
BLEED EFFECTS

MIXER PERFORMANCE EVALUATION
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ACOUSTIC TEST

ENGINE ACOUSTIC CHARACTERISTICS

FAR FIELD DATA

NEAR FIELD DATA

TRAVERSING ACOUSTIC PROBES

BASELINE EVALUATION (HARDWALL PANELS)

FULLY SUPPRESSED EVALUATION (TREATED PANELS)
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CONTROL DYNAMICS EVALUATION 1
TRANSIENTS

DATA COMPLETION |
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E868

BORESCOPE COMPRESSOR, COMBUSTOR AND TURBINE
COMPRESSOR INLET AND TAIL PIPE INSPECTIONS
TEARDOWN TO MAJOR SUBASSEMBLIES

CLOSE VISUAL HARDWARE INSPECTIONS

REPORT ANY MECHANICAL DISCREPANCIES

}
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E> ICLS COMPRESSOR ROTOR ASSEMBLY |
|
1
| |
e !
| _ﬁ,
o  CHECK BALANCE BOTH SPOOLS |
o BLADE AND BALANCE EACH COMPONENT )
o MATE ROTOR COMPONENTS . |
] —
ES70
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E3 ICLS FORWARD STATOR CASE

L= S

~
I

INSTALL STAGE 4 AND STAGE 5 LINERS
FLOWPATH GRIND

SEAL GRIND

INSTALL IGV AND STAGE 1-5 STATOR VANES AND SEALS
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E> 101 COMPRESSOR STATOR ASSEMBLY

MATE AFT AND FORWARD CASES
TANGENT ANGLE CHECKS
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BUILDUP STAGE 1 HPTN ASSEMBLY
MATE NOZZLE AND COMBUSTOR ASSEMBLIES
GRIND CDP AND INDUCER SEALS
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Impeller

Inducer

Seal %&

£ ICLS TURBINE ROTOR ASSEMBLY

INSTALL ROTOR BLADES AND SHIMS

INSTALL IMPELLER AND SEAL DISKS

Stub Shaft
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E3 ICLS HPT SHROUD ASSEMBLY

B -
~ ®
B | G
. Q@ = )~NMV
@* == || STAGE 2 SHROUD
mwwumwumww I
] I
STAGE 1 SHROUD 1 Il
i I
! I F——stace 2 HPTN

INSTALL STAGE 1 SHROUDS
ASSEMBLE STAGE 2 NOZZLE
INSTALL STAGE 2 SHROUDS
MATE STAGE 1 AND STAGE 2 SUPPORT CASINGS

|
!

|
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e MATE COMPRESSOR AMD CDN ASSEMBLY
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INSTALL HPT SHROUD ASSEMBLY
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SLAVE SUPPORTED CDN/HPT SHROUD ASSEMBLY

BALANCE HP ROTOR ASSEMBLY

. 3 . . i
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E3 JCLS FAN ROTOR ASSEMBLY

E

4]

38

BALANCE STAGE 1 & STAGE 2 DISK ASSEMBLY
INSTALL ROTOR BLADES

BALANCE

INSTALL SPINNER

FINAL BALANCE
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E3 1CLS LPT ROTOR ASSEMBLY

. ..r.HP
4
447
. g £
E\J
LPT Shaft
~d

BLADE AND BALANCE EACH SPOOL
BALANCE SHAFT

STACK SPOOLS AND SHAFT
BALANCE LPTR ASSEMBLY

TIP GRIND BLADES
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E3 ICLS LPT PACKAGE

SSes T
2,

o MATE LPT STATOR/ROTOR WITH TURBINE FRAME

|
|
o BUILDUP AFT SUMP AND SEALS ]
J
E892
|
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94

E3 ICLS FAN FRAME ASSEMBLY

= Y

1

@ @
mlp b

INSTALL OGV ASSEMBLY
INSTALL SUPPORT ISLAND
INSTALL ACOUSTIC PANELS
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E3 ICLS MAIN ENGINE ASSEMBLY

INSTALL MID CASE
INSTALL FAN ROTOR ASSEMBLY
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INSTALL LPT PACKAGE
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0 INSTALL STAGE 1 STATOR ASSEMBLY a
) INSTALL FAN CASE : , | E—
° INSTALL FAN BLADES ,,
® INSTALL SPINNER —
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TEST AND ALTITUDE PERFORMANCE
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ESO0A

TEST OBJECTIVES

TEST PERFORMANCE ANALYSIS

- ICLS INSTRUMENTATION
- DEFINITION OF ENGINE PERFORMANCE ELEMENTS
- CYCLE DECK ANALYSIS TOOL

PREDICTION OF ENGINE FLIGHT PERFORMANCE

- ENGINE PERFORMANCE ELEMENTS WHICH ARE
EVALUATED IN ICLS TEST

- ENGINE PERFORMANCE ELEMENTS WHICH ARE
NOT EVALUATED IN ICLS TEST

- ICLS AND FPS FINAL CYCLE DEVELOPMENT
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ESO1A

TEST OBJECTIVES

TEST PERFORMANCE ANALYSIS

- ICLS INSTRUMENTATION
- DEFINITION OF ENGINE PERFORMANCE ELEMENTS
- CYCLE DECK ANALYSIS TOOL

PREDICTION OF ENGINE FLIGHT PERFORMANCE

- ENGINE PERFORMANCE ELEMENTS WHICH ARE
EVALUATED IN ICLS TEST

- ENGINE PERFORMANCE ELEMENTS WHICH ARE
NOT EVALUATED IN ICLS TEST

- ICLS AND FPS FINAL CYCLE DEVELOPMENT

e el .
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ELEMENTS OF ICLS ENGINE PERFORMANCE

PERFORMANCE ITEM

BELLMOUTH FLOW COEFFICIENT
FAN - BYPASS MAP

FAN - HUB MAP

REYNOLDS EFFECTS

BYPASS DUCT PRESSURE LOSS

ANALYTICAL

MODEL
TEST

COMPONENT
TEST

X

>

X
X

CORE ENGINE
TEST

ICLS |

TEST

COMPRESSOR INLET DUCT
COMPRESSOR MAP
REYNOLDS EFFECTS

{ COMPRESSOR BLEED AND COOLING FLOWS
1 COMBUSTOR MAP

HP TURBINE MAP
ACTIVE CLEARANCE CONTROL SYSTEM

> X

> >

> >X XX

>

LP TURBINE MAP

REYNOLDS EFFECTS

LPT COOLING FLOWS

ACTIVE CLEARANCE CONTROL SYSTEM
MIXER/EXHAUST PRESSURE LOSS

MIXER EFFECTIVENESS

NOZZLE COEFFICIENTS

SECONDARY FLOWS (INCL. CENTER VENT)
INSTRUMENTATION LOSSES

[ 1 CORE ENGINE ELEMENTS

E903

> >< > > > =X

|
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CYCLE DECK DATA REDUCTION AND ANALYSIS PROGRAM

CYCLE DECK AUGMENTATION PACKAGE
® PRE-PROCESSOR

- UNITS CONVERSION
- DATA EDITING
- DATA AVERAGING

0 EXECUTIVE ROUTINE

- GENERATION OF PRE-TEST PREDICTIONS
- MODIFIES COMPONENTS TO MATCH TEST MEASUREMENTS FOR A BALANCED CYCLE
- GENERATION OF MODIFIED CYCLE AT REFERENCE ENGINE INLET CONDITIONS

@ MULTIPLE ANALYSIS PATHS

- MULTIPLE PROGRAM MODES FOR ESTABLISHING ENGINE AIRFLOWS
- MULTIPLE ITERATION OPTIONS FOR SETTING CYCLE VARIABLES NOT MEASURED

~
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BYPASS PRESSURE RATIO

NOTE:

ICLS FAN PERFORMANCE MAP

FAN PERFORMANCE MAPPED BEYOND

100% SPEED IN THE FAN RIG TEST

Sy

® SLS/TKOF
@ 35K/0.8M/MXCL
A 3E5K/0,8M/MXCR

6_ ICLS TEST

A

' REGION

J

1.0

800 1000 12

4 3

v

00 1200

1600

CORRECTED FLOW-LB/SEC

ES06

CORRECTED FLOW-LB/SEC

EFFICIENCY -

.80

N35K/0.8

\
SLS

)
70 8C 90 100
% CORRECTED SPEED

800 1000 1200 1400 1600
CORRECTED FLOW-LB/SEC
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PRESSURE RATIO

ICLS FAN HUB PERFORMANCE MAP

NOTE: FAN HUB PERFORMANCE MAPPED BEYOND

100% SPEED IN THE FAN RIG TEST o
&
=

®si S/TKOE !
® S50 amxcl =
A 3550, SWMXCR 3
0

5

%

o7

3

% CORRECTED SPEED

. 1CLS TEST N
_| RecION g
ot

1,0 . “ # “ =

180 220 260 300 340 =
L
CORRECTED FLOW - LB/SEC a
E908

340 ¢

200 1t

35/0. 8M

e

. mo

80 90 100
% CORRECTED SPEED

' ] 4
s g +

180 220 260 300 340

CORRECTEL FLOW - LB/SEC

ﬁf M & - : = = B
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ICLS HP TURBINE AND LP TURBINE PERFORMANCE MAPS
® SLS TKOF
B 35K/0, 8M/MXCL SLS
o A 3EK/0. 8M/MXCR 95 >
35 ® 25K/FIDLE »32 o+ 35K/0,8M
X S[S GIDLE
N 0l n 90 + ,
*!__ RevnoLDS EFFECTS
.85 L 85 +
101 o N 104 ,
\ / \.\ .@O \\ J&
\ / \. /
/ - .86 ,
HT S g 0 %0
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ICLS EXHAUST SYSTEM PRESSURE LOSSES

Adwv

klmll BYPASS DUCT ——=

L1
g + MIXER EXHAUST
FAN \\\\\‘ ~ \\\Li DUCT ‘
FRAME 4= ﬂ
L~
LP1 "CORE DUCT
_uwb?m .|+ ZHXW_N
(5) (57)
PRESSURE LOSSES mmwxm 7 /\SFC SENSITIVITY
MAX CR TAKEOFF ~ TOLERANCE MAX CR TAKEOFF
BYPASS + MIXER 1.31 1,23 t 0.2 + 0,25 t 0,42
CORE + MIXER 0,97 0,82 0,2 + 0,06 + 0,10
EXHAUST 0.34 0,31 t 0,1 + 0,14 + 0,25

E912
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ES14

DEFINITION OF OPTIMUM ICLS CYCLE

+

ICLS TEST VEHICLE CYCLE MATCH AS TESTED (MIN INSTRUMENTATION)

+

REMOVE INSTRUMENTATION LOSSES

+

MODIFY FAN AND HUB MAPS IN HIGH SPEED REGION (RIG TEST DATA)

+

ADJUST FOR OTHER CRUISE PERFORMANCE ITEMS (Re EFFECTS, MIXER, CHOKED NOZZLE)

ICLS TEST VEHICLE STATUS CYCLE

+ REMATCH TEST VEHICLE COMPONENTS (TURBINE FLOW FUNCTIONS, MIXER AND NOZZLE AREAS)

OPTIMUM ICLS CYCLE |- COMPARE WITH FORECAST ICLS

— -

—

—
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FPS-PDR
CYCLE

\

INITIAL
COMPONENT
FORECAST

FORECAST

E916

ICLS
CYCLE

\

ENGINE
&
INST, MODS

SUMMARY OF ICLS AND FPS CYCLE DEVELOPMENT

ICLS TEST w

CYCLE

COMPONENT

VEHICLE \

1CLS
TEST

TESTS
RESULTS

VERICLE
STATUS CYCLE

ICLS
TEST
MATCH

PRE-TEST

/

ICLS

TEST

VEHICLE
STATUS CYCLE

COMPONENT
MODS -
REMATCH

POST-TEST

OPTIMUM

ICLS
CYCLE

FPS COMPONENT
FORECAST ~
REMATCH

FINAL
FPS CYCLE

PNy W AR 2w, s
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PNEUMATIC SYSTEM ICLS/FPS COMPARISON

COMPONENT

ETH STAGE AIR
® CUSTOMER BLEED

¢ COMPRESSOR
CLEARANCE CONTROL

@ LPT COOLING

/TH STAGE AIR
® START BLEED
® HPT COOLING

CDP_AIR
CUSTOMER BLEED
HPT COOLING

LPT & HPT COOLING
DURING START

STARTER AIR ROUTING

TURBINE ACC VALVES

ICLS

6 PORTS (SMALL)

BLEED @
6 0 'CLOCK

X

UNTQUE

UNIQUE
START VALVES

PS

3 LARGE PORTS

BLEED a
12 0 'CLOCK

X

X
X
NOT REQUIRED

AFT COWL
FLIGHT DESIGN
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EXTERNAL ICLS PIPING _

S SO S VU

B

o 1

.x.umwu.ﬂiﬁ L 1&?,.\ n ; :_%

e ~ e e 1

= S 1

| 1

ETH STG, CUSTOMER /TH STG, START 5TH LPT —

£920 BLEED BLEED COOLING b
. T - g

7TH STG, HPT CDP CUSTOMER ACTIVE CLEARANCE CONTROL:

COOLING BRI FED



ONI1003
1d7 '91S HI1S

73314
¥3W0LSNI 4d3

d3Nd LYvisS
'01S HL/Z

—

NAL PAGE

ORICGH
COLOR PHOTOGRAPH

ONIT009

LdH '91S HLL
3314
¥3101SN)
'91S H1S

Lt

INIdId STOT TUNYILX |



]

E922

ICLS A.C.C. SYSTEM

HPC ACC SAME >m,noxm PDR

HPT ACC SAME AS CORE PDR

LPT ACC SAME AS FPS PDR

HPT & LPT INTAKE SYSTEM CHANGED

- INTAKE SCOOP NOW ON PYLON SIDE WALL

- SPLIT SCOOP IS EMPLOYED TO PROTECT AGAINST PRESSURE FLUCTUATIONS
- SCOOP/PLENUM/VALVING LOCATED ABOVE AFT INNER COWL

- 7TH STAGE STARTING VALVES BEING EMPLOYED FOR CONVENIENCE

:
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E924

HPT/LPT CLEARANCE CONTROL LOGIC

CASING TEMPERATURE

THERMOCOUPLE READING COMPARED WITH CALCULATED Tepsing s.s. =7 (PONER) BY CONTROL

FOR POWER REDUCTION

~  COOLING AIR CUT-OFF UNTIL READING
BY COOLING

TcaLc, s,s, AND THEN MAINTAINED

FOR POWER INCREASES

- COOLING AIR CUT-OFF UNTIL READING
BY COOLING

TeaLc, s.s, AND THEN MAINTAINED

FAILURE MODE - GOES TO OPEN CLEARANCES

— e e A bos e W e
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iameter

D

Ive

Relat

E926

Effect of Active Clearance Control
High Power/Rapid Decel/Accel

Typical Passive System Active System
(Constant Cooling) (Variable Cooling)

iameter

D

Relative

4 6 8 10 12 14 16 18
Time, Minutes Time, Minutes

GENERAL ELECTRIC COMPANY, U S A
AIRCRAFT ENGINE GROUP

-

1
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ACTIVE CLEARANCE CONTROL INSTRUMENTATION

INSTRUMENTATION
STATIC PRESSURE
METAL TEMPERATURE
Tp = AIR TEMPERATURE

CONTROL
VALVE

—
—

.:<_u

HPT, ICLS

E328
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E930

«vcxmm AIR

)

WATER

—
'
Nl

,\ DETECTOR

hislalsamna)

WATER = - —

re R o
g.
Ial

e
1
|
aad

N,
! ! ,
LU
INPUT | A=
=

MIRROR —_ [\

TURBINE SHROUD e N1
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E932

E3 ICLS ENGINE MOUNT

1
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BULK ABSORBER
BULK ABSORBER
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EC36

ICLS STARTING

STATUS

- 1-6 HPC RIG TESTS ENCOURAGING ON LOW SPEED STALL MARGIN
- REASONABLE START (60 SECONDS OR LESS) EXPECTED
txo<meozm

- EXTRA STARTER CAN BE INSTALLED

-  CDP AUGMENTATION COOLING AIR AVAILABLE FOR HPT/LPT IF NEEDED

%ﬁf =
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E938

Sample Stability Stack
Crosswind — Fan at T/O Thrust

Surge Line

Component Mfg. Tolerances
Deterioration

‘Margin (After Requirements)
) £ 1.0%

et

_— Distortion and Recovery

“Initially Available Margin (145 %) ——

Thrust Transients
Deterioration
Component Mfg. Tolerances

S.S. Operating Line

*

Pressure
Ratio




NUMBER 1 BEARING LOAD, LBS,

E939

30000

25000

20000

15000

10000

5000

=

T

e

E5 - ICLS FAN SYNCHRONQUS

COMBINED MODES FREQUENCY RESPONSE

NO. 1 BEARING LOAD
500 GM-IN OF FAN UNBALANCE

MAX FAN SPEED
3525 RPM ———=—

L L L.

2000 4000

N1, FAN SPEED, RPM

6000

8000
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PYLON SIDE WALLS
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E94L3

ICLS INLET AERO DESIGN

THROAT SIZED CONSISTENT WITH CF6 BELLMOUTH DESIGN EXPERIENCE:
MACH .58 AT DESIGN FLOW

INLET DIFFUSER CONTOUR SAME AS FPS INLET
LIP CONTOUR DEFINED FOR NO SEPARATION: UNIFORM FLOW ACCELERATION

OVERALL LENGTH COMPATIBLE WITH LARGE FAN TEST FACILITY (LFTF)
AND DISTORTION TEST REQUIREMENTS

STC AND BOUNDARY LAYER ANALYSES CONDUCTED:

- ASSURE UNIFORM FLOW FIELD
- NO SEPARATION
- DEFINE BELLMOUTH RECOVERY AND FLOW COEFFICIENT

]
]
|
|
|
_

e e W e M
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E94L5

MATERIAL - 6061-T6 ALUMINUM BASIC SHELL

- FIBERGLASS AERO-ACOUSTIC LIP

CONFIGURATION
- RING STIFFENED SHELL

- NO EXTERIOR

SUPPORTED FROM FACILITY

- SOFT SEAL TO CONTAINVENT CASE

PANELS - ACOUSTIC & HARDWALL
- TWO PANELS AXIALLY

- 60° SEGVENTS CIRCUMFERENTIALLY
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E947

MATERIAL -

CONFIGURATION

PANELS

OUTER COWL

6061-T6 ALUMINWM

RING STIFFENED SHELL

HINGED FROM PYLON APRON

LATCHED AT BOTTOM

SOFT SEAL TO FAN FIXED NOZZLE
APPROXIMATELY 60 INCHES LONG
NO EXTERMAL MOLD LINE

NO REVERSER/BLOCKER DOOR GROOVE
ACOUSTIC & HARDWALL

TWO PANELS AXIALLY

60° SEGMENTS CIRCUMFERENTIALLY
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EIXED FAN NOZZLE

MATERIAL - 6061-T6 ALUMINIM FOR FYD 28 INCHES
- ACOUSTIC AND HARDWALL PANELS
- STEEL FOR AFT PORTION
- NO PANELS
- REPLACABLE AFT END TO CHANGE NOZZLE
THROAT AREAS
CONFIGURATION
- EACH PART IN TWO 180° PIECES FOR EASE OF INSTALLATION
- CUT OUT AT TOP FOR PYLON

- MOUNTS TO PYLON

ESLS
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E951

ON AND APRONS

- FINAL DESIGN NOT YET STARTED




E952

DIFFERENCES BETWEEN ICLS AND FPS

-~ ICLS HARDWARE IS SLAVE HARDWARE

_ INTERIOR FLOW LINES SA'E AS FPS EXCEPT

- NO REVERSER
~ NO DIP IN FLOWPATH AT BLOCKER DOOR L.E.

WO NOZZLES (ONE OVERSIZE FROM NOMINAL)
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DESIGN FEATURES

32 BLADE FAN |
'55% PART SPAN SHROUDED FAN BLADE 1
BOOSTER STAGE FOR CORE SUPER CHARGING a
“CORE BYPASS AT BOOSTER TO CENTRIFUGE INGESTED “
MATERIAL INTO FAN STREAM 1
INTEGRAL VANE FRAME AND OUTER NACELLF | 1
SLAVE CONTAINMENT RING 1

qumvmzcmzquwmx\wm>xﬁzm\m=>maLcquammﬁmzmow __
IMPROVED TORQUE TRANSMISSION & REDUCED FAN QVERHANG .

h
MODULAR DISASSEMBLY _—

E954
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£956

DIFFERENCE BETWEEN ICLS AND FPS FAN

SLAVE METAL FAN FRAME AND FAN CASF
FABRICATED FRAME HUB OUT OF 17-4 PH
4340 SHAFT

SLAVE CONTAINMENT SYSTEM



/5963

INFWNIVLNOD 3LISOWOD QIINVAQY S3ZITILA m
JWvY4 340D TVL3W HLIM SSVAAE 3LISOdW0] SFuNivid N

(SNOTLYYN9TANOD G - SIITTWvd 10441V S) NOIS3A Jvdd INVA T7Y93INI
(WILSAS NOISTINAOYd LHII4) +3dd

INGWHOYLLY TTTI0UN NV THOD ¥04 QIYINDIY F4YMQUVH

JWvd4 340D NO TWIILY3A dOL WOYd Sh ¥ LV SINNOW INION3

© ONIQVO1 LSNY¥HL TYNOILNIANOD

ONISY) ¥ILNO OL GIINNOW XOS¥y39

LIVHSIATHQ TYIQYY 04 (FJ0TIYL ¥NOINOD DIWYNACON3Y ,

(SNOLLYHNOTANGD 9 - SIITIv4 110441V S) NOISIA Ivdd INVA TWHIIINI 1

3

STONTEIIATT TVed WH (3



E958

E>_FAN AERODYNAMIC DESIGN FEATURES

HIGH BYPASS RATIO - LOW RADIUS RATIO - HIGH SPECIFIC FLOW
MEDIUM ASPECT RATIO FAN BLADE WITH PART SPAN SHROUD

QUARTER STAGE ISLAND FOR CORE BOOST AND PARTICLE SEPARATION
LEANED AND SWEPT INNER OGV

BYPASS 0GV'S SHAPED TO DIVERT FLOW AROUND PYLONM

= A - T L
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E960
6061 AL.— o~

E3 ICLS FAN ROTOR CONFIGURATION

32 BLADES
b-4 T1

56 BLADES
b-4 Ti

6-4 T1

32 RETAINERS, ETC \\\\\\\

Tr & STEEL -
6-4 T1-
INCO 718 .
BOLTS f

= : 7! -

;w,
,; )

]

M led G
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PROPOSED MODIFICATIONS FOR ICLS DRIVESHAFT AND FAIRINGS

BYPASS VANE .

FSFT CONTOUR
(SOLID)

ICLS CONTOUR
(DASHED)

HUBSECTION @ 24"R

REPRESENTS WORST CONDITION
VANE MODIFICATION

£962

~— T

DRIVESHAFT
\ TO GEARBOX

\l FAIRING
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FAN CASINGS

FSFT AND ICLS

CF6-50 CASE (STEEL)

A wéws

e\

SLAVE
MID-CASE E.czc

SLAVE OUTER
CASE (STEEL)

4

.m,

]
%Soﬁ.mwm | \
| WOOD

PANELS
RUBCOAT

E964

N REPLACEABLE
PANELS

VANE FRAME

o R
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ICLS FAN PERFORMANCE TEST OBJECTIVES

VERIFY PERFORMANCE ALONG SLS OPERATING LINE AND SIMULATED
70 - 75% CRUISE REGION

DEMONSTRATE COMPATIBILITY WITH INLET DUCT

DEMONSTRATE STALL - FREE BOOSTER OPERATION DURING ENGINE

TRANSIENTS

VERIFY FRAME STIFFNESS ANALYSIS VS. ENGINE w<mﬂm3 RESPONSE






CORE ENGINE
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ICLS COMPRESSOR

CHANGED FROM CORE PDR
® MODIFIED AERODYNAMICS RESULTING FROM RIG TESTS

DIFFERENCES FROM FPS

® IGV THRU STAGE 6 VANES VARIABLE IN ICLS., IGV THRU STAGE 4 IN FPS
® CUSTOMER BLEED PORT PROVISIONS
¢ LOCATION OF ACC PIPING
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ICLS COMBUSTOR | —

N |

I
_
"

NO DIFFERENCES FROM CORE PDR OR FPS ;ﬁ
!

E969



SNOISSIW3 SV9 1SNYHX3 INIWY3L3d

STUNLYYIdWIL TVLW
JOLSNAW0D LNIISNVYL/3LVLIS-AQVALS FUNSVIW

401SNGW0I ¥04 S3AILI3Ardo L1S3L S1I1

VIVO d <7 ¥OLSNEW0) NIVLE0

0/63

—



E971

ICLS HIGH PRESSURE TURBINE

—~
=

&

® ID FEED ONLY FOR STG. 1 VANE LEADING EDGE COOLING
® NO DIFFERENCES FROM FPS

G W e WS el U G el e e

i _w,_
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ICLS TEST OBJECTIVES FOR HP TURBINE

DEMONSTRATE ACTIVE CLEARANCE CONTROL WITH FAN STREAM AIR

AERODYNAMIC PERFORMANCE

MECHANICAL/THERMAL INTEGRITY






LOW PRESSURE TURBINE

— NATTgs TRESRE
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BJECTIVES - 16LS ENGLAG |
| |

TEST EVALUATE: —
o PERFORMANCE 5

o  SYSTEM INTEGRATION |

o  DESIGN PARAMETER MEASUREMENTS .

- TEMPERATURE i

- STRESS/VIBRATORY RESPONSE i

o  MECHANICAL/THERMAL INTEGRITY 1

J

]

]
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R2 ]2
3 3
E- Block I E” Block IIB
Improved awm.mrwoﬁa Overlap
Stages 1, 2, & 3
R2
er
—
mw.wwonw I mu Block IIB

£976

Improved Platform Overlaps

All Stages

P i Tl

CK I1
(COLD FIOQWPATH)

wu Block I Mw Block IIB

New Blade Retainers
Stages 1, 2, and 3

mu Block I mu Bi-ck IIB

New Blade Retainers
Stages 4 and 5
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S5th Stage
Compressor
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NONE






TURBINE REAR FRAME A

|
ND MIXER
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TURBINE FRAME, MIXER AND CENTERBODY

STARTER AIR MIXER
ROVISION (Fps)  (AFT INNER COWL (INCO 718)
(Tt SHELL/COMPOSITE ACOUSTIC PANEL)
- e J T
k.\

CLEARANCE CONTROL
AIR MANIFOLDS

NUMBER 5 BEARING —

CENTERBODY
(INCO 625)

(INCO 718)

CURRENT FRAME DESIGN

8 STIFFNESS OBJECTIVE 1
¢ POLYGONAL OUTER CASING
¢ RADIAL STRUTS

E931

PREVIOUS FRAME DESIGN

X 10° 1B. /1IN, ®  STIFFNESS OBJECTIVE 5 X 10° LB./IN,
¢ ROUND QUTER CASING
@ SEMI-TANGENTIAL STRUTS
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TRF MECHANICAL DESIGN FEATURES

REAR MOUNT LINKS

POLYGONAL
CASING

VARIABLE THICKNESS
CASING PANELS

12 RADIAL STRUTS
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STATUS MIXER AERO DESIGMN FEATURES
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PYLON/MOUNT/MIXER CROSS SECTION

I __
!
l

]



FINAL MIXER SELECTION PLAN

e SELECT EXHAUST SYSTEM CONFIGURATION AND MIXER PENETRATION
BASED ON PHASE | &Il TEST RESULTS

e CONDUCT SPALDING ANALYSIS TO EVALUATE MIXER SHAPE

e TEST FOUR MIXERS TO DETERMINE OPTIMUM MIXER SHAPE

e SELECT BEST MIXER FOR ICLS: Hma o<m_~ _s>._o_~ E3 OPERATING
~ CONDITIONS

e DETERMINE CORE THRUST SPOILING/NOZZLE RECIRCULATION HEATING
CHARACTERISTICS (REVERSE MODE)
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BEARINGS, SUMPS AND DRIVES
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MECHANICAL DESIGN FEATURES

TWO SUMP ENGINE

5 MAIN SHAFT BEARINGS

o | INTERSHAFT BEARING

e CORE BEARINGS SPRING MOUNTED AND FLUID DAMPED
LABYRINTH SUMP SEALS

CENTER VENT SYSTEM

PROVIDES FOR CORE OR FAN COWL MOUNTED ACCESSORY GEAR
PROVIDES MODULAR SEPARATION OF CORE AND FAN MODULE

= . H i,ﬁ’ -

e e
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ICLS/CORE FWD SUMP COMPARISON

11— CORE THRUST BRG.

FAN

TP ICLS thRysT -
_m ) BRG., i =
CORE - N0, 2 BRG,

BB HARDWARE USED ON FSFT PTD

[] PARTS COMMON
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ICLS/CORE AFT SUMP COMPARISON

NERS

o
LP SHAFT —/ Tf x\
NO. 4 BRG. | |
(INTERSHAFT ;m.vl/ A

|
_- —
=13
(] T
U

NO. 5 BRG.
A/0 SEPARATOR

Cod DR e e v Bk e e

B PARTS COMMON

————*E:
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ICLS AFT SUMP
SLIP RING ASSEMBLY

Slip Ring Assembly

Sump Vent Air
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AFT SUMP ICLS/FPS COMPARISON SUMMARY

FEATURE
MAIN SHAFT BEARINGS
SUMP SEALING
SPRING/DAMPER ASSY,
SUPPORT HOUSINGS
AIR SEALS
LUBE SYSTEM
SLIP RING

CENTER VENT SYSTEM

ICL

UNIQUE TO ICLS

FP

N/A
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LUBE

SYSTEM ICLS/FPS COMPARISON

COMPONENT
OIL TANK
PUMP
COOLER

OIL DELIVERY
SYSTEM

OIL SCAVENGE
SYSTEM

E998

ICLS
SLAVE (CF6)
SLAVE (CFb)

SLAVE

EPS
FLIGHT
FLIGHT

FLIGHT

W

T

1
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E1000

LOW PRESSURE TURBINE SHAFT

4.5 INCH PITCH DIAMETER
10/20 SPLINE PITCH
30 PRESSURE ANGLE

76 BOLTS
375 g ,..//////,

FILLET ROOT SIDE FIT 5.4 9 0D
——F ! - 25.0 INCH
Aumll\‘ljlﬂw.. + = DIAMETER

4,70 @ OD
- 83,0 INCHES >

OVERALL DIMENSIONS
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E1002

ICLS PTO GEARBOX

1 0/4?

= N
“OIL FCR
SPLINE

GEAR PATTERN &
BACKLASH SHIM

WINDOW FOR GEAR

#2 BEARING
HOUSING

ONE PIECE
PTO HOUSING

RADIAL DRIVE
SHAFT SPLINE
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E> 1CLS ACCESSORY DRIVE SCHEMATIC

AIR STARTER
CCH — 40
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AGB LOCATED ON FAN CiSING

S
\
iy

[mm - = ——— e i
. ] ! I I
, _ | 54T |
FUEL | FUEL | 6747 gy | SEN- DL . ENGINE
4 lv_no_,,_;o_r PURPL Y 5er \ 25302 RPH ST 13140 e /0 SPEED |
| CONTROL || | PTO LOCATED IN F4D 5urp _
m 20T mulm | ALTERNATOR |~rch \ | | o |
_ = !
= 13194 RPM “
T —H | a i
AIR STARTER| ! = R
o= _ b\ . 1
67T B 26T —_ |
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| |
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Bl n\mu = 11001 RP g
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|
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MATERIALS

BEARINGS
GEARS

0 RINGS

AL. CASTINGS
LINERS

M59

AISI 9310
VITON
356-T6
AIST 4340

ICLS ACCESSORY GEARBOX

HARDWARE FROM
OTHER ENGINES
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£1007

ICLS ENGINE CONTROL SYSTEM

CONTROLS SEVEN VARIABLES

FUEL FLOW START BLEED VALVES
FUEL FLOW SPLIT COMPR. CLEARANCE VALVE
CORE STATORS HPT CLEARANCE VALVE

LPT CLEARANCE VALVE
AUTOMATIC OVERSPEED, OVERTEMP, STALL, BLOWOUT PROTECTION

EXPERIMENTAL FLEXIBILITY

- FAN RPM = £ (PLA)
- START BLEED, CLEARANCE VALVES ADJUSTABLE FROM CONTROL ROOM
- FUEL, STATOR SCHEDULES ADJUSTABLE FROM CONTROL ROOM

—

- il e e WS ceow e e
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E1009

BASIC CONTROL MECHANIZATION

@ DIGITAL CONTROL IS PRIME ELEMENT

@ HYDROMECHANICAL BACK-UP FOR FUEL AND CORE STATORS

- CORE SPEED GOVERNING AS *mﬁwr>v

- REDUNDANT CORE OVERSPEED PROTECTION
- ACCEL/DECEL FUEL SCHEDULES

- STATOR SCHEDULE

® DIGITAL SELF-TEST/AUTO SWITCHOVER TO BACK-UP

e o R R —
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E1011

CONTROL OF CORE STATORS

DIGITAL CONTROL PROVIDES PRIMARY CONTROL OF STATORS

~ BASIC SCHEDULE = uﬁﬁmoxmmmamu CORE RPM)

- SCHEDULE CHANGE POSSIBLE FOR TRANSIENTS, OFF-DESIGN
CONDITIONS

- SCHEDULES, DYNAMICS ADJUSTABLE FROM CONTROL ROOM

DIGITAL SELF - TEST PROVIDES AUTOMATIC SWITCH-OVER TO HYDRO-
MECHANICAL BACKUP



| FGYVTIVAY 0STV 3C0W TTOYLINOD JLOW3H TVANVW -
STINLYYIdWAL ¥IV TYNYIINI B Wdd 40 NOILONNS SV
STUNLYYIdWIL 3SYD YOLVLS 13S 0L Q3LVINAOW SIATVA -
TOYLINOD TYLI9IA AD ATLNIANIAIANIT GITI0YLINOD TV

d1 ONV dH 404
HOY3 3NO - SANINL ¥04 SIATYA Q3LvnLdv 13nd “F1ONIS

H0SSTYdWOD Y04 JATVA QILVYNLIV 13N “AYVLI0Y “FTONIS

SIATVA HIV TOULINOD JINVYVITI 4O T104INOD

¢1013

f,
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ICLS ENGINE CLEARANCE CONTROL

ACT,

rmmw\nm

l L ——

LPT CASING

CONTROL | ENGINE
L e FAN AIR
AIR FAN DUCT PYLON WALL
VALVE L
]
POSITION]  AIRCRAFT
DEMANDS INTERFACE ﬁ,
SIMULATOR — = |- — —
AR B [~ EUE ACT,
~aVALVE _ e .
POSITION | P
DATA | . FUEL
| i
_ P
[
)
CASE TEMP, FADEC | — — —— — R o
— = = — = — %
_ I
_ R
FUEL 1
I _
[ f7< t
! o
“ ACT,
|
—O
|
— A-A0_A,
»4v i HPT CASING
COMPRESSOR
CASE
STG, 5 STG, 10

]
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E1015

INSTRUMENTATION

CONTROL SYSTEM SENSED/CONTROLLED VARIABLES MONITORED
THROUGH DIGITAL CONTROL

INDEPENDENT DATA FOR CORRELATION

- FUEL FLOW

- STATOR POSITION

- CYCLE PRESSURES & TEMPERATURES USED IN CONTROL
CLEARANCE CONTROL SYSTEM PRESSURES AND TEMPERATURES
FUEL/OIL TEMPERATURES FOR HEAT LOAD DETERMINATION

TRANSTENT RECORDING OF KEY CONTROL VARIABLES

_ e o
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E1017

DIFFERENCES FROM FPS

CONTROL REDUNDANCY FROM HYDRO-MECHANICAL BACK-UP
RATHER THAN REDENDANT FADEC

NON-FLIGHT DESIGN COMPONENTS
MOST COMPONENTS NOT CORE MOUNTED

NO THRUST REVERSER ACTUATION
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CONCLUSION

ICLS TESTING WILL DEMONSTRATE FPS TECHNOLOGY AND PROVIDE:

@ VERIFICATION OF FPS DESIGN/CONFIGURATION
@ A BASIS FOR ESTIMATING DEVELOPED FPS PERFORMANCE
® MEASUREMENT OF ICLS PROGRAM GOAL ACHIEVEMENT

® A BASIS FOR ESTIMATING FPS PROGRAM GOAL ACHIEVEMENT
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